In recent years, the acoustic LWD technology which is drilling and logging at the same time has been developing rapidly. However, the collar wave could cover or interfere with signals from the formation to affect the extraction of P and S wave velocities in the sonic logging. In order to solve this problem, this paper makes a research about the seismoelectric LWD response. In this study, we use the decoupling algorithm to calculate seismoelectric field in the borehole. We can obtain the elastic sound field by solving the wave equation firstly, and then calculate the electromagnetic field excited by the sound field by using the Pride control equations. Although using the elastic model in the calculation, we simulate the attenuation effect of pore formation by introducing quality factor and gain the pressure of the fluid within the pore by introducing the Skempton factor. Finally this paper shows the full waveforms of the electromagnetic and acoustic fields excited by multipole source. We find that the collar wave in the electric field is significantly weakened compared with that in the acoustic pressure, in terms of its amplitude relative to the other wave groups in the full waveforms.
Introduction
The logging while drilling (LWD) technology has been developing rapidly in recent years. Compared to traditional wireline logging technology, the LWD has many advantages. For example, measurement is carried out before invasion of mud into the formation, the geosteering can be carried out during drilling, and the logging costs are lower. The acoustic LWD, however, received less welcome from oil companies. One reason lies in the difficulty in inverting formation compressional (P-) and shear(S-) velocities from acoustic LWD due to the appearance of a strong collar wave which could cover or interfere with the waves from formation.
To solve the problem a potential technology called seismoelectric LWD has recently been proposed to suppress the collar wave and make prominent the signals from the formation. In seismoelectric LWD, both the acoustic and electromagnetic signals are recorded. The electric and magnetic signals are converted from the acoustic wave field due to the electrokinetic effect in porous media (Pride and Morgan, 1991) .
The seismoelectric LWD field has been simulated by Zhan (2006) , in which the author ignored the pore fluid pressure. In this paper, we simulated the electromagnetic as well as the acoustic field in seismoelectric LWD. The acoustic full waveform is simulated firstly. The converted electric field is then obtained by using Pride's governing equations (Pride, 1994) . Special attention is paid to the effect of the pore pressure and the boundary conditions.
Acoustic Field Simulation
The acoustic LWD system is taken as a radially layered concentric model. The multipole acoustic source is simulated by a cylindrical shell transducer placed on the out surface of the collar. To obtain an analytic solution of the acoustic field, the potential functionsI , F and * are introduced to express the displacement:
There are the S-and fast P-and slow P-waves in a porous formation. To represent a porous medium by a nonporous solid, we introduce the quality factor Q to incorporate the attenuation effect of the slow P wave as in Tang (1991) , and estimate the pore pressure by using Skempton's relation between the pore pressure and the average normal stress as in Sava and Revil (2012) . Vibration pressure boundary conditions are imposed on the outer surface of the collar to simulate the excitation of the elastic wave by the acoustic transducer as in Christophe (2001) . The parameters used in our modeling of the acoustic LWD field are listed in Table 1 . The acoustic full waveform is obtained by using real axis integration method (Tsang et al, 1979) . Figure 1 shows the acoustic full waveform in a fast formation and a slow formation. Notice that the amplitude of S wave and Stoneley wave decrease much more sharply while the collar wave does not change obviously in the absorptive fluid and formation, compared to those in the nonabsorptive cases. It means that the collar wave is insensitive to the formation parameters. 
Electric Field Simulation
Next, calculate the electric field according to the following equation derived by Pride (1994) ,
where J is the total electric current density, V is conductivity of the porous medium, E is the electric field strength ,p L is the coupling electrokinetic coupling coefficient, p is the pore fluid pressure, Z is the angular frequency , f U is the density of the pore fluid and u is the solid frame displacement.
The electric field is taken as quasi-steady so that
(3) Letting the divergence of equation 2 be zero, and using equation (3) , one obtains
From equation (4) it is clear there are two sources that produce the electric field. One is related to the pore fluid pressure in porous medium p , while the other is related to solid displacement potential F I . The pore fluid pressure can be obtained by adopting Skempton's relation between the pore pressure p and the average normal stress P (Wang, 2000; Sava 2012) 
where B is Skempton's coefficient FIGURE 2. Full waveforms of the electric field with an 8kHz monopole in the fast formation, whose parameters are given in Table 1 . The black curve is calculated when the Skempton coefficient is 0.2422. The red curve is calculated when the Skempton coefficient is zero. (2006) is incorrect. After the electric potential is obtained, the electric field is calculated from equation (3). Figure 2 shows the full waveforms of electric field with different Skempton coefficients. The red dot line is the waveform when the Skempton coefficient is taken to be zero, which means the pore fluid pressure in porous medium is totally ignored. The Stoneley wave amplitude of electric field is obviously smaller than that of the waveform with a nonzero Skempton's coefficient, which is depicted in black solid line. The pore fluid pressure was ignored in an earlier work by Zhan (2006) , but it is clear from Figure 2 that the pore fluid pressure has an important effect on the electric field in seismoelectric LWD, and cannot be ignored.
As shown in figure 3(a) , there are three independent wave groups in both the acoustic and electric fields. Figure  3 (c) and figure 3(d) are semblance plots obtained by the STC method proposed by Kimball (1984) . Three wave groups are seen by observing the velocities of the wave groups. They are the collar wave, the S wave and the Stoneley wave in order of arriving time. It should be pointed out that an electric signal accompanies the collar wave, although the seismoelectric conversion does not occur in the steel collar. The acoustic wave in the collar radiates energy through the borehole to the formation where it induces the electric field. However, because only a small part of energy leaks to the formation when an acoustic wave propagates in the collar, the converted electric collar wave signal is much weaker compared to the strong acoustic counterpart, in terms of their amplitude relative to the other wave groups in the respective full waveforms. The collar wave amplitude is about 20% of maximum amplitude in the full pressure waveform, but that is only about 10% in electric field. At the same time, there is a clear difference in the phase between electric and acoustic fields. Thus we conclude that one can effectively weaken the collar wave in terms of its relative amplitude, but cannot eliminate it completely by the seismoelectric LWD. This is a conclusion different than what claimed in previous works. Figure 5(b) shows the effect of medium absorption on the acoustic pressure. The earlier wave of b-b wave group almost does not change, but the latter wave attenuates obviously. It means that the earlier wave is the collar wave excited by the dipole, while the latter one comes from the formation. Because the seismoelectric conversion efficiency of the two waves is different, the electric field induced by the collar wave is covered by the electric induced by formation wave. Thus when the collar wave and formation wave interfere with each other, the seismoelectric LWD can distinguish them to a certain extent. Figure 6 presents the full waveforms by a dipole in the slow formation. The electric head wave is visible in this situation. The relative amplitude of the electric collar wave is smaller than that of acoustic wave, as in the monopole case. 
Conclusion
The electric field is calculated after the acoustic wave field is solved for modeling seismoelectric LWD. The real axis integration method is used to calculate the full waveform of acoustic and electric fields. The STC method is used to extract the velocity of every wave group in full waveform.
Two features are noticed by theoretical modeling. First, we find that the pore fluid pressure plays an important role in seismoelectric conversion at low frequency. Secondly, the collar wave will be present in electric field although its relative amplitude is obviously smaller than that in the acoustic field. The seismoelectric LWD method can weaken collar wave relative amplitude effectively, but cannot eliminate the collar wave completely.
Specially, while the collar wave and formation wave interfere with each other in an acoustic log, they can be distinguished in the seismoelectric logs while drilling.
